Background and Objectives: Routine drainage after laparoscopic cholecystectomy is still controversial. This meta-analysis was performed to assess the role of drains in reducing complications in laparoscopic cholecystectomy.
INTRODUCTION
Prophylactic drains in abdominal surgery are widely used either to detect early complications, such as postoperative hemorrhage or leakage, or to remove collections that might be toxic, such as bile, and become infected. However, evidence-based data do not support the use of prophylactic drainage in the majority of abdominal surgery procedures. 1, 2 Cholecystectomy is the second most common operation in gastrointestinal surgery after appendectomy. In the era of open cholecystectomy, a meta-analysis showed that drains increased morbidity without providing any additional benefit for patients. 3 At present, laparoscopic cholecystectomy (LC) is the preferred method for either elective cholecystectomy or emergent cholecystectomy. 4, 5 With the advent of LC, the use of drains may be justified because of the increased incidence of biliary injury and, consequently, bile leakage. The use of prophylactic drainage in LC to avoid bile and blood collection requiring subsequent treatment is largely diffuse. In a recent Australian survey, surgeons were evenly divided into those who used drains routinely, those who always used drains, and those who never used drains after LC. 6 Moreover, when LC for acute cholecystitis is considered, 74.9% of surgeons insert an abdominal drain, as reported in a recent prospective multicenter survey in Belgium. 7 However, in the literature there is no evidence to support the use of drains in LC, according to the results of a Cochrane Database Systematic Review. 8 The 6 studies comparing groups with and without placement of an abdominal drain in LC included 741 patients, but they had important methodologic limitations regarding, in particular, quality and heterogeneity in the measurement of outcomes. 9 -14 The authors of the review claimed that high-quality randomized studies according to the CONSORT (Consolidated Standards of Reporting Trials) statement (www.consortstatement.org) were needed to improve evidence, in particular for cholecystectomy performed for acute cholecystitis. meta-analysis including these new studies to assess the utility of drainage in reducing complications after both emergent and elective LC.
METHODS
The methods for the analysis and generation of inclusion criteria were based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement recommendations. 22 According to population, interventions, comparators, outcome measures, and setting (PICOS) criteria, patients were included if they had benign gallbladder pathologies for which LC was indicated. The study methods were documented in a protocol registered and accessible at http://www.crd.york.ac.uk/prospero/ (registration CRD42013004056).
Types of Studies, Participants, and Interventions
Randomized clinical trials (irrespective of language, blinding, or publication status) that compare prophylactic subhepatic drainage with no drainage in LC were included in this analysis.
Types of Outcome Measures
The primary outcomes were mortality rate at maximal follow-up, morbidity rate, and presence and quantity (in milliliters) of subhepatic fluid collection 24 hours after surgery, measured by ultrasonographic examination.
The secondary outcomes were wound infection (as reported by the authors), abdominal and shoulder tip pain 24 hours after surgery (measured with a visual analog scale), analgesic (ketorolac) consumption (in milligrams), nausea and vomiting (at times reported by the authors), and hospital stay (in days).
Subgroup Analyses
We intended to perform the following subgroup analyses: trials with high methodologic quality compared with trials with low methodologic quality, drainage in emergency compared with elective LC, and suction drainage compared with no drainage.
Search Strategy and Data Collection
An electronic search of Medline, Science Citation Index Expanded, Scopus, and the Cochrane Library database from January 1990 to March 2013 was performed. 
Data Extraction
All data were extracted independently by 3 reviewers (M.P., P.L., and F.D.A.) using a paper data extraction pro forma. The accuracy of the extracted data was further confirmed by a third author (E.S.).
The information collected from each study was as follows: year of publication, study design, inclusion criteria, exclusion criteria, and outcomes.
Assessment of Risk of Bias
Two raters (F.S. and A.D.F.) independently assessed the methodologic quality of the included studies according to The Cochrane Collaboration guidelines. 23 
Statistical Analysis
We performed the meta-analyses using the software package Review Manager, version 5.2 (The Cochrane Collaboration). For dichotomous variables, we calculated the odds ratios (OR) with the 95% confidence interval (CI). For continuous variables, we calculated the standardized mean difference (SMD) with the 95% CI. Medians were converted to means by use of the technique described by Hozo et al. 24 We used the Mantel-Haenszel method for calculating the weighted summary OR. Heterogeneity was assessed by the I 2 measure of inconsistency; I 2 Ͼ 50% was defined as statistically significant. Whenever I 2 was Ͻ 50%, the fixed-effects model results were used; otherwise, the random-effects model results were preferred. Trials with no events in any treatment arm were excluded from the analysis because they are uninformative. For all the outcomes, P Ͻ .05 was considered statistically significant. Forest plots were used for graphical display of the results.
RESULTS

Study Selection
The database search retrieved 433 records. Two further records were identified in the reference lists. After deletion of duplicate results, a total of 322 records remained for title and abstract review. Of these, 13 randomized controlled trials were selected for full-text examination. One study was excluded because the drain was positioned between the diaphragm and liver. 12 Twelve studies in all fulfilled the inclusion criteria and were suitable for the meta-analysis. 9 -11,13-21 All trials compared the use of prophylactic drainage with no drainage in elective LC with the exception of the study of Lucarelli et al, 21 which included only emergency procedures for acute calculous cholecystitis. Figure 1 shows the PRISMA flowchart for study inclusion and exclusion. Table 1 summarizes the characteristics of the 12 selected studies. A total of 1939 patients were included in the metaanalysis: 960 in the drain group and 979 in the no drain group.
Characteristics of Included Studies
Risk of Bias
All the trials had adequate follow-up. Eleven trials had adequate generation of randomization. 9,11,14 -21 Allocation concealment was adequate in 9 studies. 11, 13, [15] [16] [17] [18] [19] [20] [21] The trials of Picchio et al 20 and Lucarelli et al 21 had adequate blinding of patients, surgeons, and assessors. Sample size calculation was reported in 7 trials. 15-17,19 -21 Intention-to-treat analysis was used in 10 trials. 9, 11, 13, [15] [16] [17] [18] [19] [20] [21] In one trial 7 patients were 14 In the study of Georgiou et al, 17 14 patients were excluded because an inflamed gallbladder was present at the operation. Another trial had 6 crossovers from the no drain group to the drain group and 3 crossovers from the drain group to the no drain group and used a per-protocol analysis. 10 The trials of Picchio et al and Lucarelli et al had no risk of bias and were considered of high quality.
Mortality and Morbidity Rates
The only trial that reported deaths in both groups was the trial by Mrozowicz et al. 14 One patient in the drain group died of a respiratory infection. Two patients in the no drain group died of a stroke and cardiac failure, which were considered unrelated to surgery (OR, 0.43; 95% CI, 0.04 to 4.85; P ϭ .5).
Ten studies provided information about overall complications. 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] Complications were present in 58 of 884 patients (6.6%) in the drain group and 30 of 888 patients (3.4%) in the no drain group. Pooled analysis showed a statistically significant OR in favor of the no drain group (OR, 1.97; 95% CI, 1.26 to 3.10; P ϭ .003) (Figure 2) . Heterogeneity was not statistically significant (I 2 ϭ 0%, P ϭ .48).
Nine studies provided information about wound infection. 13, 14, [17] [18] [19] [20] [21] Wound infection was present in 30 of 590 patients (5.1%) in the drain group and 13 of 597 patients (2.2%) in the no drain group. Pooled analysis showed a statistically significant OR in favor of the no drain group (OR, 2.35; 95% CI, 1.22 to 4.51; P ϭ .01) (Figure 3) . Heterogeneity was not statistically significant (I 2 ϭ 18%, P ϭ .29).
Presence of Subhepatic Fluid Collection
Eight studies provided information about the presence of subhepatic fluid collection on the first postoperative day. 10,13,14,16 -18,20,21 Subhepatic fluid collection was present in 132 of 745 patients (17.7%) in the drain group and 59 of 752 patients (7.8%) in the no drain group. Pooled analysis showed no statistically significant difference (OR, 1.73; 95% CI, 0.66 to 4.52; P ϭ .27) (Figure 4) . Heterogeneity was statistically significant (I 2 ϭ 80%, P Ͻ .0001).
Three studies provided information about the quantity of subhepatic fluid collection on the first postoperative day. 19 -21 No difference was detected in both groups (SMD, -0.14; 95% CI, -0.56 to 0.28; P ϭ .50) (Figure 5) . Heterogeneity was statistically significant (I 2 ϭ 63%, P Ͻ .07).
Pain After Surgery
Five studies provided information about the severity of abdominal pain 24 hours after surgery. [15] [16] [17] 20, 21 Abdominal pain 24 hours after surgery was less severe in the no drain group (SMD, 2.30; 95% CI, 1.27 to 3.34; P Ͻ .0001) ( Figure 6 ). Heterogeneity was statistically significant (I 2 ϭ 96%, P Ͻ .00001).
Two studies provided information about the severity of shoulder tip pain 24 hours after surgery. 20, 21 No significant difference was found between the two groups (SMD, 0.93, 95% CI, -0.98 to 2.85; P ϭ .34) (Figure 7) . Heterogeneity was statistically significant (I 2 ϭ 96%, P Ͻ .00001).
Two studies provided information about the requirement of parenteral ketorolac between the two groups. 20, 21 No difference was detected in both groups (SMD, 2.98; 95% CI, -2.09 to 8.04; P ϭ .25) (Figure 8 ). Heterogeneity was statistically significant (I 2 ϭ 99%, P Ͻ .00001).
Other Outcomes
The other outcomes assessed are reported in Table 2 . The occurrences of nausea and vomiting were similar in both groups. Similarly, hospital stay did not differ between the two groups.
Subgroup Analysis
Two studies were considered of high quality. 20, 21 The outcomes analyzed are reported in Table 3 . Pooled data showed no significant difference between the two groups with the exception of the severity of abdominal pain, which was significantly lower in the no drain group. 
Meta-Analysis of
There was only 1 trial that compared drains versus no drains in the setting of emergency LC for acute calculous cholecystitis. 21 This trial found no significant difference between the two groups with respect to morbidity rate, presence and quantity of abdominal fluid collection, severity of abdominal and shoulder tip pain, parenteral ketorolac consumption, and hospital stay.
Four studies compared suction drainage and no drainage. 9, 11, 20, 21 However, only 2 studies reported data suitable for our meta-analysis, 20, 21 so the results are equal to those reported in Table 3 .
DISCUSSION
The main reason to use prophylactic drainage in LC is to reduce complications such as intra-abdominal collections that require treatment and to detect bile leak, thereby decreasing the overall mortality and morbidity rates. At present, the rate of biliary complications after LC is 0.4% (range, 0.1% to 0.9%) 25 and postoperative hemorrhagic complications are similarly very rare. Nevertheless, this meta-analysis showed a consistent trend in favor of the no drain approach in terms of overall morbidity, a result that may be attributed to the combined effect of other more common complications. In particular, the wound infection rate was lower in the no drain group. Port-site infection is a minor complication that affects 1.1% to 7.9% of patients after LC. 26, 27 The use of drains seems to improve the incidence of this complication, possibly related to the presence of a foreign body. 8 Reducing the permanence of the drain after surgery is a valid method to decrease wound infection rates. 20 The use of drains may reduce complications because drains can evacuate subhepatic collections. However, an experimental study showed that, when a drain is inserted in the peritoneal cavity that contains no fluids, it is quickly surrounded by omentum and completely occluded within 48 hours. 28 The absence of any significant difference with respect to either the presence or the quantity of subhepatic collections in the two groups, as shown in our meta-analysis, confirms that drains have no effect on fluid evacuation in the abdominal cavity. The tendency toward larger subhepatic collections in the no drain group in the study of Lucarelli et al 21 seems to support the use of drainage in LC for acute calculous cholecystitis. However, the limited number of patients analyzed in this trial should be confirmed by further larger studies.
There is no general consensus on the use of one scale for measuring pain. We analyzed only studies using a validated scale. 29 Moreover, we reported postoperative pain at a fixed time: 24 hours after surgery. Despite the few studies analyzed, in particular for shoulder tip pain, our results are relevant because of their reduced amount of assessment bias. In particular, the studies of Picchio et al 20 and Lucarelli et al 21 are significant because they represent a rare case in surgery in which adequate blinding of investigators, participants, and assessors was possible because sham drainage was used in the no drain group.
LC has progressed dramatically in the past decade because the period of hospitalization has been shortened and quick recovery has become possible as a result of small operative wounds and mild postoperative pain. In the literature the effect of subhepatic drains on postoperative pain is controversial. This datum is confirmed by the heterogeneity of the results of the studies included in our meta-analysis. However, the overall outcomes clearly showed a significant reduction in the severity of abdominal pain when drainage was not used. The increase in pain in patients with drains is probably because of irritation of the peritoneum and skin at the entry point of the drains. When postoperative pain was studied in depth by assessing visual analog scale scores at different times after surgery, the results favored the no drain group, thus confirming the finding of our meta-analysis. 15 However, the difference is not sufficiently significant to lead to different postoperative analgesic requirement recommendations.
Postoperative nausea and vomiting have been reported with an incidence of 53% to 72% after LC. 30 This meta-analysis confirms the relevant presence of both vomiting and nausea after LC without any significant difference between the drain and no drain groups.
Assessment of recovery by analyzing hospital stay is not fully reliable because many factors are not directly related to the operation (eg, patient's motivation, external uncontrolled advice, and insurance coverage for disability) and may influence the results in different studies. In meta-analyses with different studies from different health care systems, this is particularly true. This might be a reason why the lower rates of morbidity and abdominal pain do not lead to early postoperative discharge, as shown in our meta-analysis. However, it should be emphasized that the routine placement of subhepatic drains for at least 24 hours may hinder the early discharge proposed for day-case LC to save costs. 8 Subgroup analysis confirmed the results of the global analysis. In particular, our data were unable to prove that use of suction drains has any significant effect on either abdominal or shoulder tip pain after LC, as was shown in the trial of Jorgensen et al. 31 With respect to the previous meta-analysis by Gurusamy et al, 8 the main strength of our meta-analysis is the considerable number of new trials included with satisfactory methodologic quality. However, a claim should be made that highquality randomized trials should be performed, according to what was suggested by Gurusamy et al and performed in the studies of Picchio et al 21 and Lucarelli et al. 21 With respect to the role of drainage in LC for acute calculous cholecystitis, no definitive conclusion can be drawn based on our metaanalysis because only 1 small study without a power analysis calculation was included. 21 We are waiting for the results of a randomized trial being conducted in patients with acute cholecystitis that is currently recruiting participants. 32
CONCLUSION
This study was unable to prove that drains were useful in reducing complications in LC. There is still no evidence present in the setting of emergent LC. However, it is reasonable to avoid drain insertion when a dry operatory field is obtained at the end of the procedure.
